* • C *y 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number: 



0 362 804 

A2 



EUROPEAN PATENT APPLICATION 



© Application number: 89118354.3 
(§) Date of filing: 03.10.89 



© Int. CI. 5 : G03G 5/05 



© Priority: 04.10.88 JP 248949/88 
17.11.88 JP 288972788 

© Date of publication of application: 
11.04.90 Bulletin 90/15 

© Designated Contracting States: 
DEGB 

© Applicant: FUJI PHOTO FILM CO., LTD. 
210 Nakanuma Minami Ashigara-shi 
Kanagawa(JP) 

© Inventor: Kato, Eiichi c/o Fuji Photo Film Co., 



Ltd, 

4000, Kawashiri Yoshida-cho 

Haibara-gun Shizuoka(JP) 

Inventor: Ishii, Kazuo c/o Fuji Photo Film Co., 

Ltd. 

4000, Kawashiri Yoshida-cho 
Haibara-gun Shizuoka(JP) 

© Representative: Barz, Peter, Dr. et al 

Patentanwalte Dipl.-lng. G. Dannenberg Dr. 
P. Weinhold, Dr. D. Gudel Dlpl.-lng. S. 
Schubert, Dr. P. Barz Siegfriedstrasse 8 
D-8000 Munchen 40(DE) 



© Electrophotographic photoreceptor. 

© An electrophotographic photoreceptor comprising a support having thereon at least one photoconductive 
layer containing at least an inorganic photoconductive material and a binder resin, wherein the b.nder resm 

contains ^ ^ ^ ^ ^ average molecular weight of from 1 x 10 3 to 3 x 10 4 with at 

le$st one substituent selected from -P0 3 H 2l -S03H, -COOH, 

O 
II 

-P-OH, 

I 

R 



wherein R represents a hydrocarbon group having from 1 to 10 carbon atoms or -OR, wherein R 

-v, represents a hydrocarbon group having from 1 to 10 carbon atoms, and a cyclic acid anhydride-containing 

Sf aroup being bonded to one or both of the terminals of the polymer main chain thereof, and 
^ (B) at least one resin having a weight average molecular weight of 5 x 10* or more and containing. 

§ as a polymerization component, at least a repeating unit represented by formula (b-i): 
00 
CM 

co 
o 

Q. 
LU 

wherein T represents -COO-, -OCO-. -CH 2 OCO-, -CH 2 COO-. -O- or -S0 2 -; V represents a hydrocarbon 
group having from 1 to 22 carbon atoms: and a, and a*, which may be the same or different, each 
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represents a hydrogen atom, a halogen atom, a cyano group, a hydrocarbon group having from 1 to 8 
carbon atoms, -COO-Z, or -COO-Z bonded via a hydrocarbon group having from 1 to 8 carbon atoms, 
wherein Z represents a hydrocarbon group having from 1 to 18 carbon atoms; and wherein said Resin (B) is 
partially crosslinked. The photoreceptor exhibits excellent electrostatic characteristics, image forming 
performance as well as printing suitability regardless of a change in envirorunentai conditions or the kind of 
sensitizing dye used in combination with the photoreceptor. 
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ELECTROPHOTOGRAPHIC PHOTORECEPTOR 

This invention relates to an electrophotographic photoreceptor, and more particularly to an elec- 
trophotographic photoreceptor having excellent electrostatic characteristics and moisture resistance, and, in 
particular, to an electrophotographic photoreceptor having excellent performance as a CPC photoreceptor. 

An electrophotographic photoreceptor may have various structures depending on the characteristics 
5 necessary or the electrophotographic processes employed. 

A system in which a photoreceptor comprising a support having thereon at least one photoconductive 
layer and, If necessary, an electrically insulating layer on the surface thereof is widely employed. The 
photoreceptor composed of a support and at least one photoconductive layer is subjected to ordinary 
electrophotographic processing for image formation including charging, imagewise exposure, development 
70 and, if necessary, image transfer. 

Electrophotographic photoreceptors have also been used widely as an offset printing plate precursor for 
direct printing plate making. In particular, a direct electrophotographic lithographic printing system has 
recently acquired a greater importance as a system providing hundreds to thousands of prints of high 
image quality. 

75 Binders to be used in the photoconductive layer should per se have film-forming properties and the 
capability of dispersing photoconductive particles therein. Moreover, when formulated into a photoconduc- 
tive layer, binders should exhibit satisfactory adhesion to a support. They are also required to have various 
electrostatic characteristics and image-forming properties, such that the photoconductive layer exhibits 
excellent electrostatic capacity, small dark decay and large light decay, hardly undergo fatigue before 

20 exposure, and maintain these characteristics in a stable manner against a change of humidity at the time of 
image formation. 

Binder resins which have been conventionally used include silicone resins (see JP-B-34-6670) (the term 
"JP-B" as used herein refers to an "examined Japanese patent publication"), styrene-butadiene resins (see 
JP-B-35-1960), alkyd resins, maleic acid resins and polyamides (see JP-B-35-1 1219), vinyl acetate resins 

25 (see JP-B-41-2425), vinyl acetate copolymer resins (see JP-B-41 -2426), acrylic resins (see JP-B-35-1 121 6), 
acrylic ester copolymer resins (see JP-B-35-11219, JP-B-36-8510 and JP-B-41 -13946), etc. However, 
electrophotographic photosensitive materials using these known resins suffer from a number of disadvan- 
tages, such as 1) poor affinity for photoconductive particles (poor dispersion of a photoconductive coating 
composition); 2) low charging properties of the photoconductive layer; 3) poor quality of the reproduced 

30 image, particularly dot reproducibility or resolving power; and 4) susceptibility of the reproduced image 
quality to influences from the environment at the time of electrophotographic image formation, such as a 
high temperature and high humidity condition or a low temperature and low humidity condition; and the like. 

To improve the electrostatic characteristics of a photoconductive layer, various proposals have hitherto 
been made. For example, it has been proposed to incorporate into a photoconductive layer a compound 

35 containing an aromatic ring or a furan ring containing a carboxyl group or a nitro group, either alone or in 
combination with a dicarboxylic acid anhydride as disclosed in JP-B-42-6878 and JP-B-45-3073. However, 
the thus improved photosensitive materials still have insufficient electrostatic characteristics, particularly, 
light decay characteristics. The insufficient sensitivity of these photosensitive materials has been com- 
pensated for by incorpo rating a large quantity of a sensitizing dye into the photoconductive layer. However, 

40 photosensitive materials containing a large quantity of a sensitizing dye undergo a considerable deteriora- 
tion in whiteness, which means reduced quality as a recording medium, and sometimes deterioration of 
dark decay characteristics occurs, resulting in the failure to obtain a satisfactory reproduced image. 

On the other hand, JP-A-60-10254 (the term "JP-A" as used herein refers to a "published unexamined 
Japanese patent application") suggests control of the average molecular weight of a resin to be used as a 

45 binder of the photoconductive layer. According to this suggestion, the combined use of an acrylic resin 
having an acid value of from 4 to 50 whose average molecular weight is distributed within two ranges, i.e., a 
range of from 1 x 10 3 to 1 x 10* and a range of from 1 x 10* and 2 x 10 s , would improve electrostatic 
characteristics, particularly reproducibility as a PPC photoreceptor on repeated use, moisture resistance and 
the like. 

so In the field of lithographic printing plate precursors using electrophotographic photoreceptor, extensive 
studies have been conducted to provide binder resins for a photoconductive layer having electrostatic 
characteristics compatible with printing characteristics. Examples of binder resins so far reported to be 
effective for oil desensitization of a photoconductive layer include a resin having a molecular weight of from 
1.8 x 10* to 10 x 10* and a glass transition point of from 10* C to 80 *C obtained by copolymerizing a 
(meth)acryiate monomer and a copolymerizable monomer in the presence of fumaric acid in combination 

3 
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with a copolymer of a (meth)acrylate monomer and a copolymerizable monomer other than fumaric acid as 
disclosed in JP-B-50-31011; a terpolymer containing a (meth)acrylic ester unit having a substituent having a 
carboxyl group at least 7 atoms distant from the ester linkage as disclosed in JP-A-53-54027; a tetra- or 
pentapoiymer containing an acrylic acid unit and a hydroxyethyl (meth)acrylate unit as disclosed in JP-A- 

s 54-20735 and JP-A-57-202544; a terpolymer containing a (meth)acryiic ester unit having an alkyl group 
having from 6 to 12 carbon atoms as a substituent and a vinyl monomer containing a carboxyl group as 
disclosed in JP-A-58-68046; and the like. 

Nevertheless, these resins proposed have been proved by actual evaluations to be unsatisfactory for 
practical use in charging properties, dark charge retention, photosensitivity, and surface smoothness of the 

70 photoconductive layer. 

The binder resins proposed for use in electrophotographic lithographic printing plate precursors were 
also proved by actual evaluations to give rise to problems relating to electrostatic characteristics, back- 
ground staining of prints, and moisture resistance. 

Further, known resins were found still to be insufficient to maintain performance properties in a stable 

75 manner regardless of considerable variations in environmental conditions of from high temperature and high 
humidity to low temperature and low humidity. In particular, an electrophotographic photoreceptor employed 
in a scanning exposure system using a semiconductor laser beam as a light source must possess higher 
electrostatic characteristic performance, particularly dark charge retention and photosensitivity, since the 
time of exposure is longer than that required in the case of conventional exposure to visible light over the 

20 entire surface thereof and also the exposure intensity is limited. 

One object of this invention is to provide an electrophotographic photoreceptor having improved 
electrostatic characteristics, particularly dark charge retention and photosensitivity, and improved image 
reproducibility. 

Another object of this invention is to provide an electrophotographic photoreceptor which forms a clear 
25 reproduced image of high quality regardless of the variation in environmental conditions at the time of 
image reproduction, such as a change to a low temperature and low humidity condition or to a high 
temperature and high humidity condition. 

Still another object of this invention is to provide a CPC electrophotographic photoreceptor having 
excellent electrostatic characteristics and small effects due to the environment. 
30 A further object of this invention is to provide a lithographic printing plate precursor which provides a 
lithographic printing plate where no background stains occur. 

A still further object of this invention is to provide an electrophotographic photoreceptor which is hardly 
influenced by the kind of sensitizing dyes used in combination. 

Yet a further object of this invention is to provide an electrophotographic photoreceptor which can be 
35 effectively employed in a scanning exposure system utilizing a semiconductor laser beam. 

It has now been found that the above objects of this invention are accomplished by an electrophotog- 
raphic photoreceptor comprising a support having thereon at least one photoconductive layer containing at 
least an inorganic photoconductive material and a binder resin, wherein the binder resin contains 

(A) at least one resin having a weight average molecular weight of from 1 x 10 3 to 3 x 10* with at 
40 least one substituent selected from the group consisting of -P0 3 H 2 . -S0 3 H, -COOH, 



45 



-P-OH, 



wherein R represents a hydrocarbon group having from 1 to 10 carbon atoms or -OR , wherein R 
represents a hydrocarbon group having from 1 to 10 carbon atoms, and a cyclic acid anhydride-containing 
group, being bonded to one or both of the terminals of the main chain thereof, and 

(B) at least one resin having a weight average molecuiaF weight of 5 x 10 4 or more and containing, as 
a polymerization component, at laast a repeating unit represented by formula (b-i): 



55 
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f 2 
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1 

T-V 



wherein T represents -COO-. -OCO-. -CH 2 0C0-, -CH 2 COO-, -0- or -S0 2 -; V represents a hydrocarbon 
group having from 1 to 22 carbon atoms; and a, and a 2 . which may be the same or different, each 
io represents a hydrogen atom, a halogen atom, a cyano group, a hydrocarbon group having from 1 to 8 
carbon atoms. -COO-Z. or -COO-Z bonded via a hydrocarbon group having from 1 to 8 carbon atoms, 
wherein Z represents a hydrocarbon group having from 1 to 8 carbon atoms; wherein Resin (B) has a 
crosslinked structure. 

In a preferred embodiment of the present invention, Resin (A) contains, as a polymerization component, 
is not less than 30% by weight of at least one repeating unit represented by formula (a-i) or (a-ii): 



20 




(a-i) 



25 




(a-ii) 



wherein X, and X 2 each represents a hydrogen atom, a hydrocarbon group having from 1 to 10 carbon 
40 atoms a chlorine atom, a bromine atom. -COY, or -COOY 2 , wherein Y, and Y 2 each represents a 

hydrocarbon group having from 1 to 10 carbon atoms, provided that both X, and X 2 do not simultaneously 

represent a hydrogen atom; and W, and W 2 each represents a bond or a linking group containing from 1 to 

4 linking atoms which connects the -COO- moiety and the benzene ring. 

In Resin (A), it is preferable that the above-described specific substituent is bonded to only one of the 
4s terminals of the polymer main chain. 

In another preferred embodiment of the present invention, Resin (B) has bonded to only one of at least 

one polymer main chain thereof at least one polar group selected from the group consisting of -P0 3 H 2 . 

-S0 3 H. -COOH. -OH, -SH. 



50 



55 



-P-OH, 

I 

OR" 

wherein r" represents a hydrocarbon group, a cyclic acid anhydride-containing group, -CHO, -CONH 2 , 
-SO2NH2 and 
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-N , 

5 

wherein bi and b2. which may be the same or different, each represents a hydrogen atom or a hydrocarbon 
group. 

It is preferable that Resin (B) does not contain, as a polymerization component, a repeating unit 
containing the specific substituent which is present in Resin (A). 
10 The binder resin according to the present invention comprises at least a low molecular Resin (A) with 
an acidic group and/or a cyclic acid anhydride-containing group (the cyclic acid anhydride-containing group 
will hereinafter be considered encompassed by the terminology "acidic group" unless otherwise indicated) 
being bonded not to the side chain of the main chain thereof but to the terminals of the main chain thereof, 
and a high molecular Resin (B) at least a part of which is crosslinked. Resin (B) is preferably a resin having 
a specific polar group bonded to at least one of the terminals of the main chain thereof (hereinafter 
sometimes referred to as resin (B)), and more preferably a resin containing no acidic group as recited with 
respect to Resin (A) in the side chain thereof. 

It has been confirmed that the acidic groups bonded to the terminal(s) of the polymer main chain of 
Resin (A) are adsorbed onto stoichiometrical defects of an inorganic photoconductive substance and 
20 sufficiently cover the surface thereof, whereby electron traps of the photoconductive substance can be 
compensated for and humidity resistance can be greatly improved, while assisting sufficiently the disper- 
sion of the photoconductive particles without agglomeration. The fact that Resin (A) has a low molecular 
weight also functions to improve the covering power for the surface of the photoconductive particles. 

Resin (B) functions to increase the mechanical strength of the photoconductive layer, which is 
25 insufficient with Resin (A) alone, without impairing the excellent electrophotographic performance achieved 
by the use of Resin (A). 

The photoconductive layer obtained by the present invention has improved surface smoothness. If a 
photoreceptor to be used as a lithographic printing plate precursor is prepared from a nonuniform 
dispersion of photoconductive particles in a binder resin with agglomerates being present, the photoconduc- 
tive layer has a rough surface. As a result, nonimage areas cannot be rendered uniformly hydrophilic by an 
oil desensitization treatment with an oil-desensitizing solution. This being the case, the resulting printing 
plate causes the printing ink to adhere to the nonimage areas on printing. This phenomenon leads to 
background stains in the non-image areas of the prints. 

Since binder Resin (B) has a moderately crosslinked structure, and the preferred Resin (B), i.e., resin 
(B), has a polar group at only one terminal of the main chain thereof, it is believed that an interaction 
among the high molecular weight chains and, further, a weak interaction between the polar group and the 
photoconductive particles synergisticaliy result in a markedly improved film strength consistent with the 
excellent electrophotographic characteristics achieved. 

On the other hand, if Resin (B) contains the same acidic group as that in Resin (A), there is a tendency 
for the dispersion of the photoconductive substance to be destroyed resulting in the formation of 
agglomerates or precipitates. Even if a coating film might be formed, considerable daterioration of the 
electrostatic characteristics of the resulting photoconductive layer occurs, or the photoreceptor tends to 
have a rough surface and thereby film strength in relation to mechanical abrasion deteriorates. 

Even in using low molecular weight Resin (A) of the present invention alone as a sole binder resin, the 
binder is sufficiently adsorbed onto the photoconductive particles to cover the surface of the particles to 
thereby provide a smooth photoconductive layer, satisfactory electrostatic characteristics, and stain-free 
images. The film strength of the resulting photoreceptor, however, is still insufficient for printing durability. 

Hence, only if binder resins (A) and (B) are combined, are the adsorption/ covering interactions between 
the inorganic photoconductive substance and the binder resin exerted properly and sufficient film strength 
50 is retained. 

Resin (A), which is used in the present invention as a binder, has a weight average molecular weight of 
from 1 x 10 3 to 3 x 10*, preferably from 3 x 10 3 to 1 x 10*. The content of the specific acidic group 
bonded to the terminal(s) of the polymer main chain ranges from 0.5 to 1 5% by weight, preferably from 1 to 
10% by weight. Resin (A) preferably has a glass transition point (Tg) of from -10* C to 100*0. more 
55 preferably from -5° C to 80° C. 

If the molecular weight of Resin (A) is less than 1 x 10 3 , the film-forming properties of the binder are 
reduced, with sufficient film strength not being retained. On the other hand, if it exceeds 3 x 10\ the 
electrophotographic characteristics, and particularly the initial potential and dark decay retention, are 
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deteriorated. Deterioration of electrophotographic characteristics is particularly conspicuous in using such a 
high molecular weight polymer with the acidic group content exceeding 3%. resulting in considerable 
background staining in application as an offset master. 

If the terminal acidic group content in Resin (A) is less than 0.5% by weight, the initial potential is too 
low to obtain sufficient image density. If it exceeds 15% by weight, dispersibility is reduced, film 
smoothness and humidity resistance are reduced, and background stains are increased when the 
photoreceptor is used as an offset master. . 

Resin (A) preferably contains at least 30% by weight, more preferably from 50 to 97% by weight, of 
one or more of repeating units represented by formula (a-i) or (a-ii) as a polymerization or copolymer.zat.on 
component (hereinafter sometimes referred to as (a-i)), with the specific acidic group being bonded to the 
terminal(s) of the main chain thereof. 

In formula (a-i), X, and X 2 each preferably represents a hydrogen atom, a chlorine atom, a brom.ne 
atom, an alkyl group having up to 4 carbon atoms (e.g.. methyl, ethyl, propyl, and butyl), an aralkyl group 
having from 7 to 9 carbon atoms (e.g., benzyl, phenethyl, 3-phenylpropyl, chlorobenzyl. dichlorobenzy , 
bromobenzyl, methylbenzyl, methoxybenzyl. and chloromethylbenzyl), an aryl group (e.g.. phenyl, toiyl, 
xylyl, bromophenyl, methoxyphenyl, chlorophenyl, and dichloro phenyl), or -COY, or -COOY 2 , wherein Y, 
and Y 2 each preferably represents any of the above-recited hydrocarbon groups, provided that X, and x 2 
do not simultaneously represent a hydrogen atom. 

W, represents a bond or a linking group containing 1 to 4 linking atoms which connects the -COO- 
zo moiety and the benzene ring, e.g.. <CH 2 ^ (n: 1, 2 or 3), -CH 2 CH 2 0C0-. -(CH.O^ (m: 1 or 2), and 
-CH2CH2O-. 

In formula (a-ii), W 2 has the same meaning as W, of formula (a-i). 

Specific examples of repeating units represented by formula (a-i) or (a-ii) are shown below. 

2S 
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The acidic group bonded to the terminals of the polymer main chain in Resin (A) preferably includes 
-P0 3 H 2 . -S0 3 H, -COOH, 

0 

11 

-P-OH, 

I 

OR' 



40 



and a cyclic acid anhydride-containing group. 
In the group 



.1. 



-P-OH, 

I 

45 O 



R represents a hydrocarbon group or -OR, wherein Ft' represents a hydrocarbon group. The hydrocarbon 
group represented by R or R' preferably includes an aliphatic group having from 1 to 22 carbon atoms 

so (e.g.. methyl, ethyl, propyl, butyl, hexyl, cctyl, decyl, dodecyl, octadecyl. 2-chioroethyl, 2-methoxyethy!, 3- 
ethoxypropyl, allyl, crotonyl. butenyl, cyclohexyl, benzyl, phenethyl, 3-phenylpropyl, methyibenzyl, 
chlorobenzyl. fluorobenzyl, methoxybenzyl) and a substituted or unsubstituted aryl group (e.g., phenyl, tolyl, 
ethylphenyl. propylphenyl, chlorophenyl, fluorophenyl, bromophenyl, chloromethylphenyl, dichlorophenyl, 
methoxyphenyl. cyanophenyl, acetamidophenyl. acetylphenyl, butoxyphenyi). 

55 The cyclic acid anhydride-containing group is a group containing at least one cyclic acid anhydride. 
The cyclic acid anhydride present includes aliphatic dicarboxylic acid anhydrides and aromatic dicarboxylic 
acid anhydrides. 

Specific examples of suitable aliphatic dicarboxylic acid anhydrides include a succinic anhydride ring, a 
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glutaconic anhydride ring, a maleic anhydride ring, a cyclopentane-1 ,2-dicarboxylic acid anhydride ring, a 
cyclohexane-1 ,2-dicarboxylic acid anhydride ring, a cyclohexene-1 ,2-dicarboxylic acid anhydr.de ring, a 2.3- 
bicyclo[2.2.2]octanedicarboxylic acid anhydride ring. These rings may be substituted w.th, for example, a 
halogen atom (e.g., chlorine, bromine) and an alkyl group (e.g.. methyl, ethyl, butyl, hexyl). 

Specific examples of aromatic dicarboxylic acid anhydrides are a phthalic anhydnde ring, a naph- 
thalenedicarboxylic add anhydride ring, a pyridinedicarboxylic acid anhydride ring, and a thiophenedicar- 
boxylic acid anhydride ring. These rings may be substituted with, for example, a halogen atom (e.g.. 
chlorine, bromine), an alkyl group (e.g.. methyl, ethyl, propyl, butyl), a hydroxy! group, a cyano group, a 
nitro group, and an alkoxycarbonyl group (e.g., methoxycarbonyl, ethoxycarbonyl). 

Resin (A) can be synthesized in such a manner that the specific acidic group may be bonded to the 
terminals of the main chain of a polymer, preferably a polymer comprising at least one repeating unit of 
formula (a-i) or (a-ii). In detail. Resin (A) can be prepared by a method using a polymenzation initiator 
containing the specific acidic group or a functional group capable of being converted to the acidic group, a 
method using a chain transfer agent containing the specific acidic group or a functional group capable of 
being converted to the acidic group, a method using both of the above-described polymenzation initiator 
and chain transfer agent, and a method of introducing the above-described functional group by taking 
advantage of termination reaction in anion polymerization. In this connection, reference can be made, e.g.. 
in P Dreyfuss and R.P. Quirk. Encyclo. Polym. Sci. Eng., No. 7. p. 551 (1987), V. Percec. AppL Polym. So.. 
Vol 285 p 95 (1985), P.F. Rempp and~E~F7anta, Adv. Polym. Sci.. Vol. 58, p. 1 (1984), Y. Yamashita, J. 
AppL Polym. Sci. AppL Polym. Symp. . Vol. 36. p. 193 (1981), and R. Asami and M. Takaki, Macromol. 
SuppL, Vol. 12, p. 163(1985). 

Resin (A) may further comprise other copolymerization components in addition to the components ot 

the formula (a-i) or (a-ii). Examples of suitable monomers corresponding to the other copolymerization 
components include a-olefins, vinyl alkanoates, allyl alkanoates. acrylonitrile. methacrylonitrile, vinyl ethers, 
acrylic esters, methacrylic esters, acrylamides, methacrylamides. styrenes. and heterocyclic vinyl com- 
pounds (e.g.. vinyl pyrrolidone, vinylpyridine, vinylimidazole, vinylthiophene, vinylimidazolme, vinylpyrazole. 
vinyldioxane, vinylquinoline, vinylthiazole. vinyloxazine). . 

Resin (B) used in the present invention is a polymer containing at least one repeating unit represented 
by formula (b-i) and having a weight average molecular weight of 5 * 10* or more, preferably from 8 x 10 
to 6 x 10 s . Resin (B) preferably has a glass transition point of from 0 C to 120 C. more preferably from 

lo'ctogs'c. 

If the weight average molecular weight of Resin (B) is less than 5 x 10*. the improvement in film 
strength is insufficient If it exceeds 6 * 10 s . Resin (B) is substantially not soluble in organic solvents and is 

of no practical use. ^. , . ... . 

Resin (B) is a polymer or copolymer having the above-described physical properties, which is obtained 
by homopolymerizing a monomer corresponding to the repeating unit of formula (b-i) or copolymerizing this 
monomer with other copolymerizable monomer(s), a part of the polymer or copolymer being crcsslinked. 

In formula (b-i), each of the hydrocarbon groups may have a substituent. 

T preferably represents -COO-, -OCO-. -CH 2 OC0-, -CH 2 COO- or -0-. more preferably -C0O-, -CH 2 
COO- or -0-. 

V preferably represents a substituted or unsubstituted hydrocarbon group having from 1 to 18 car&on 
atoms. The substituent may be any substituent other than the polar group bonded to one terminal of the 
polymer main chain, including a halogen atom (e.g., fluorine, chlorine, bromine). -O-V, , and -COO-V 2 . 
-OCO-V3. wherein V., V 2 and V 3 each represents an alkyl group having from 6 to 22 carbon atoms (e.g.. 
hexyl octyl, decyl, dodecyl, hexadecyl, octadecyl). A preferred hydrocarbon group for V includes a 
substituted or unsubstituted alkyl group having from 1 to 18 carbon atoms (e.g.. methyl, ethyl, propyl, butyl, 
heptyl hexyl. octyl, decyl, dodecyl, hexadecyl. octadecyl, 2-chloroethyl, 2-bromoethyl. 2-cyanoethyl, 2- 
methoxycarbonylethyl, 2-methoxyethyl, 3-bromopropyl), a substituted or unsubstituted alkenyl group having 
from 4 to 18 carbon atoms (e.g.. 2-methyl-1-propenyl. 2-butenyl, 2-pentenyl, 3-methyl-2-pentenyl, 1- 
pentenyl 1-hexenyl. 2-hexenyl. 4-methyl-2-hexenyl). a substituted or unsubstituted aralkyl group having 
from 7 to 12 carbon atoms (e.g.. benzyl, phenethyl. 3-phenylpropyl. naphthylmethyl, 2-naphthylethyl. 
chlorobenzyl, bromobenzyl, methylbenzyl, ethylbenzyl. methoxybenzyl. dimethylbenzyl. dimethoxybenzyl), 
a substituted or unsubstituted alicyclic group having from 5 to 8 carbon atoms (e.g., cyclohexyl, 2- 
cyclohexylethyl, 2-cyclopentylethyl). and a substituted or unsubstituted aromatic group having from 6 to 12 
carbon atoms (e.g., phenyl, naphthyl, tolyl. xylyl, propylphenyl, butylphenyl, octylphenyl, dodecylphenyl, 
methoxyphenyl, ethoxyphenyl. butoxyphenyl, decyloxyphenyl, chlorophenyl, dichlorophenyl. bromophenyl. 
cyanophenyl, acetylphenyl, methoxycarbonylphenyl, ethoxycarbonylphenyl, butoxycarbonylphenyl. ac- 
etamidophenyl, propionamidophenyl, dodecyloylamidophenyl). 
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ai and a 2 , which may be the same or different, each preferably represents a hydrogen atom, a halogen 
atom (e.g., fluorine, chlorine, bromine), a cyano group, an alkyl group having from 1 to 3 carbon atoms, or 
-COO-Z or -CH 2 COO-Z (Z preferably represents an aliphatic group having from 1 to 22 carbon atoms). 
Each of ai and a 2 more preferably represents a hydrogen atom, an alkyl group having from 1 to 3 carbon 
atoms (e.g., methyl, ethyl, propyl), or -COO-Z or -CH 2 C0O-Z, wherein Z more preferably represents an 
alkyl or alkenyl group having from 1 to 18 carbon atoms (e.g., methyl, ethyl, propyl, butyl, hexyl, octyl, 
decyl, dodecyl, tridecyi, tetradecyl, hexadecyl, octadecyl, pentenyl, hexenyl, octenyl, decenyl). These alkyl 
and alkenyl groups may each have a substituent similar to those listed above for V. 

In the preparation of Resin (B), introduction of a crosslinked structure into the polymer can be carried 
out using generally known methods, such as a method in which monomers are polymerized in the presence 
of a polyfunctions monomer and a method in which a polymer containing a functional group capable of 
undergoing a crosslinking reaction is subjected to high polymer reaction for crosslinking. 

A crosslinking reaction induced by a self-crosslinkable functional group: -CONHCH 2 ORo, wherein R 0 
represents a hydrogen atom or an alkyl group, or a crosslinking reaction induced by polymerization is 
effective in view of freedom from problems, such as the reaction takes a long time, the reaction is not 
quantitative, or impurities originating from, for example, a reaction promotor are present in the final product. 

In using a polymerization reactive group, it is preferable that a monomer having two or more 
polymerizable functional groups is copoiymerized with the monomer of the formula (b-i) to thereby form a 
crosslinked structure across the polymer chains. 

Specific examples of polymerizable functional groups include CH 2 =CH-, CH 2 = CH-CH 2 -, 



CH 2 =CH-NHCO-, CH 2 = CH-CH 2 -NHCO-, CH 2 =CH-S0 2 -, CH 2 =CH-CO, CH 2 = CH-0-, and CH 2 =CH-S-. 
The two or more polymerizable functional groups in the monomer may be the same or different from each 
other. 

Examples of suitable monomers having the same polymerizable functional groups include styrene 
derivatives (e.g., divinylbenzene and trivinylbenzene); methacryiic, acrylic or crotonic esters, vinyl ethers or 
allyl ethers of polyhydric aicohols (e.g., ethylene glycol, diethylene glycol, triethyiene glycol, polyethylene 
glycol #200. #400 or #600, 1,3-butylene glycol, neopentyl glycol, dipropylene glycol, polypropylene glycol, 
trimethylolpropane, trimethylolethane. and pentaerythritol) or polyhydroxyphenols (e.g., hydroquinone, resor- 
cin, catechol and their derivatives); vinyl esters, allyl esters, vinylamides or allyiamides of dibasic acids 
(e.g., malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, maleic acid, phthalic acid, and 
itaconic acid); and condensation products of polyamines (e.g., ethylenediamine, 1,3-propylenediamine, and 
1 .4-butylenediamine) and vinyl-containing carboxylic acids (e.g.. methacryiic acid, acrylic acid, crotonic 
acid, and allylacetic acid). 

Examples of monomers having different polymerizable functional groups include vinyl-containing ester 
derivatives or amide derivatives of vinyl-containing carboxylic acids (such as methacryiic acid, acrylic acid, 
methacryloylacetic acid, acryioylacetic acid, methacryloylpropionic acid, acryloylpropionic acid, 
itaconyloylacetic acid, itaconyloylpropionic acid, and a reaction product of a carboxylic acid anhydride and 
an alcohol or an amine (e.g., allyloxycarbonylpropionic acid, allyloxycarbonylacetic acid, 2-allyloxycarbonyl- 
benzoic acid, and allylaminocarbonylpropionic acid)) (e.g., vinyl methacrylate, vinyl acrylate, vinyl itaconate, 
allyl methacrylate, allyl acrylate, allyl itaconate. vinyl methacryloylacetate, vinyl methacryloylpropionate. allyl 
methacryloylpropionate, vinyloxycarbonylmethyl methacrylate, vinyloxycarbonylmethyloxycarbonyiethylene 
acrylate, N-allylacrylamide, N-allylmethacrylamide. N-aJlyiitaconamide, and methacryloylpropionic acid ai- 
lylamide); and condensation products of amino alcohols (e.g., aminoethanol, 1-aminopropanol, 1- 
aminobutanol, 1-aminohexanol. and 2-aminobutanol) and vinyl-containing carboxylic acids. 

Resin (B) having a partially crosslinked structure can be obtained by using the above-described 



O 
fl 

CH 2 =CH-C -0-. 
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monomer having at least two polymerizable functional groups in a proportion of not more than 20% by 
weight of the total monomers. The crosslinking density is preferably from 1 to 80%, more preferably from 5 
to 50% Where a polar group is introduced into the terminal of the main chain using a chain transfer agent 
as hereinafter described, the proportion of the monomer having at least two polymerizable functional groups 
is preferably not more than 15% by weight of the total monomers. In other cases, the proportion of.this 
monomer is preferably not more than 5% by weight. , 

When Resin (B) contains no terminal polar group (i.e.. when it is not resin (B )). a crossl.nked structure 
may be introduced into the resin using a copolymerization component containing a crosslinking functional 
qroup capable of undergoing a curing reaction on heating and/or exposure to light. 

This crosslinking functional group is not limited as long as it induces a chemical reaction among 
molecules to form a chemical bond. That is, any reaction mode in which intramolecular bonding through a 
condensation reaction, an addition reaction, etc.. is suitable or a crosslinking through a poymenzaton 
reaction, which can be induced by heat and/or light, can be used. More specifically, the copolymerization 
component which undergoes a crosslinking reaction upon heating and/or exposure to light includes those 
having at least one combination of (1) a functional group containing a dissociative hydrogen atom such as 
-COOH, -POaHz, 

0 

II 

-P-OR, 

I 

OH 
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(wherein R, represents an alkyl group having from 1 to 18, preferably from 1 to 6. carbon atoms (e.g.. 
methyl ethyl propyl, butyl and hexyl). an aralkyl group having from 7 to 11 carbon atoms (e.g.. benzyl, 
phenet'hyl. methylbenzyl, chlorobenzyl and methoxybenzyl). an aryl group having from 6 to 12 carbon 
atoms (eg, phenyl, tolyl. xylyl. mesitylene. chlorophenyl. ethylphenyl. methoxyphenyl and naphthyl), or 
-OR, (wherein R 2 has the same meaning as the above-described hydrocarbon groups for R,», -OH, -SH. 
and -NH-R 3 (wherein R 3 represents a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms 
(eg methyl ethyl, propyl and butyl)) and (2) a functional group selected from the group consisting of 



0 s v 

/ \ / \ 

3S -CH 2 -CH f -CH 2 -CH, 



40 



45 



SO 



55 



-NCO and -NCS; those including -CONHCH 2 0R* (wherein R* represents a hydrogen atom or an alkyl group 
having from 1 to 6 carbon atoms. e.g.. methyl, ethyl, propyl, butyl and hexyl); and those including a 
polymerizable double bond-containing group, etc. 

Specific examples of polymerizable double bond-containing groups are those listed as examples for the 
above-described polymerizable functional groups. 

In addition, functional groups and functional group-containing compounds descnbed in the following 
literature can also be used: Tsuyoshi Endo, Netsukokasei Kobunshi no Seimitsuka , C.M.C. (1986). Yuj. 
Harasaki, Saishin Binder Gijutsu Binran. Ch. 11-1. Sogo Gijutsu Center (1985). Takayuki Ohtsu n Acryl Jush. 
no GoseiSektei to ^n^otTkiihaSi . Chubu Keiei Kaihatsu Center Shuppanbu (1985), Eizo Ohmon, 
Wnolel~Ac7yTj0sH.11ch^Sy^ten^ Hideo Inui and Gentaro Nagamatsu, Kankosei Kobunsh., 
KodinihalT977)rTakahiro Tsunoda. Shin Kankosei Jushi, Insatsu Gakkai Shuppanbu (1981), G.E. Green 
and B.P. Star R. J. Macro. Sci. Revs.l^roTChim.r clT (2). pp. 187-273 (1981-1982), and C.G. Roffey. 
Photopolymerization of Surface Coatings. A. Wiley Interscience Pub. (1982). 

These crosslinki niTu7eo'n , arg7o^s may be present in a single copolymerization component or in 

different copolymerization components. a . 

Examples of monomers corresponding to the copolymerization component containing the above- 
described crosslinking functional group include, for example, vinyl compounds containing a functional group 
which are copolymerizable with the monomer of formula (b-i). Such vinyl compounds are descnbed, e g, m 
Kobunshi Data Handbook ( Kisohen). High Molecular Society (ed.). Baifukan (1986). Specific examples of 
thilTviRyrc^ mpounds in clude~ic7ylic acid, «- and/or ^-substituted acrylic acids (e.g.. a-acetoxy aery lie 
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acid, a-acetoxymethyiacrylic acid, a-{2-aminomethyl)acrylic acid, a-chloroacryltc acid, a-bromoacryiic acid, 
a-fluoroacryiic acid, a-tributylsilyiacrytic acid, a-cyanoacrylic acid, jS-chloroacrylic acid, j3-bromoacrylic acid, 
a-chloro-0-methoxyacry!ic acid, and a,/S-dichloroacrylic acid), methacrylic acid, itaconic acid, itaconic acid 
half esters, itaconic acid half amides, crotonic acid, 2-alkenylcarboxylic acids (e.g., 2-pentenoic acid, 2- 

5 methyl-2-hexenoic acid, 2-octenoic acid, 4-methyl-2-hexenoic acid, and 4-ethyl-2-octenoic acid), maleic 
acid, maieic acid half esters, maleic acid half amides, vinylbenzenecarboxylic acid, vinylbenzenesuifonic 
acid, vinylsulfonic acid, vinylphosphonic acid, vinyl or allyl half esters of dicarboxylic acids, and ester or 
amide derivatives of these carboxylic acids or sulfonic acids having the aforesaid crosslinking functional 
group in the substituent thereof. 

w It is preferable that the proportion of the copolymerization component containing the crosslinking 
functional group in Resin (B) is from 1 to 80% by weight, more preferably from 5 to 50% by weight. 

In the preparation of Resin (B) containing a crosslinking functional group, a reaction accelerator for 
accelerating the crosslinking reaction may be used, if desired. Examples of suitable reaction accelerators 
include acids (e.g., acetic acid, propionic acid, butyric acid, benzenesulfonic acid, and p-toluenesulfonic 

rs acid), peroxides, azobis compounds, crosslinking agents, sensitizing agents, and photopolymerizable 
monomers. More specifically, crosslinking agents described, e.g., in Shinzo Yamashita and Tosuke Kaneko 
(ed.), Kakyozai Handbook , Taiseisha (1981) can be used. For example, commonly employed crosslinking 
agents such as organosiianes, polyurethane, and polyisocyanate; and curing agents such as epoxy resins 
and melamine resins can be used. 

20 Where Resin (B) contains a light-cross linkable functional group, the compounds described in the 
references cited above with respect to photosensitive resins can be used. 

In addition to the monomers corresponding to the repeating unit of formula (b-i) and the aforesaid 
polyfunctions monomers, Resin (B) may further contain other monomers (e.g., those recited as 
comonomers which may be used in Resin (A)) as copolymerization components. 

25 While Resin (B) is characterized as having at least a partial crosslinked structure as stated above, it 
must also be soluble in organic solvents used for preparation of a dispersion for forming a photoconductive 
layer. In more detail, Resin (B) should have a solubility of at least 5 parts by weight in 100 parts by weight 
of. e.g., a toluene solvent at 25° C. Suitable solvents as above referred to include haiogenated hydrocar- 
bons, e.g., dichloromethane, dichloroethane, chloroform, methylchloroform and trichlene; alcohols, e.g., 

30 methanol, ethanol, propanol and butanol; ketones, e.g., acetone, methyl ethyl ketone and cyclohexanone; 
ethers, e.g.. tetrahydrofuran and dioxane; esters, e.g., methyl acetate, ethyl acetate, propyl acetate, butyl 
acetate and methyl propionate; glycol ethers, e.g., ethylene glycol monomethyi ether and 2-methoxyethyl 
acetate; and aromatic hydrocarbons, e.g.. benzene, toluene, xylene and chlorobenzene. These solvents may 
be used either individually or as a combination thereof. 

35 Of the above-described Resins (B), preferred are Resins (B # ) in which at least one polar group selected 
from the group consisting of -P0 3 H 2 , -SOaH -COOH. -OH, -SH, 

O 

II 

40 -P-OH 

I 

OR" 

45 (wherein R* represents a hydrocarbon group, more specifically R" has the same meaning as R), a cyclic 
acid anhydride-containing group (i.e., having the same meaning as described with respect to Resin (A)), 
-CHO, -CONH2; -SO2NH2, and 



50 




(wherein b« and b2, which may be the same or different, each represents a hydrogen atom or a 
55 hydrocarbon group) is bonded to only one of the terminals of at least one main chain thereof, with this 
polymer having a weight average molecular weight of not less than 5 x 10 4 , preferably from 8 x 10* to 6 x 
10 5 . 

Resin (B') preferably has a Tg of from 0° C to 120° C, more preferably from 10° C to 95° C. 
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Examples of hydrocarbon groups represented by b, or b 2 in the polar group 



-N 1 



include a substituted or unsubstituted aliphatic group having from 1 to 10 carbon atoms (e g., methyl. ethyL 
m propyl, butyl, hexyl, octyl. 2-cyanoethyl, 2-chloroethyl. 2-ethoxycarbonyl ethyl, benzy . phenethyl and 
° chlorobenzyl) and a substituted or unsubstituted aryl group (e.g.. phenyl, tolyl. xylyl. chlorophenyl. 

bromophenyl, methoxycarbonylphenyl and cyanophenyl). 

Preierr«l terminal polar groups in Resin (B ) are -P0 3 H 2 . -COOH. -S0 3 H. -OH. -SH. and 



(5 
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0 

1 

-P-OH. 

i 

OR" 



The above-specified polar group may be bonded to one of the polymer main chain terminals either 

directly or via an arbitrary linking group. 

The linking group for connecting the polar group to the polymer mam cha.n terminal ,s selected from a 
carbon-carbon bond (single bond or double bond), a carbon-hetero atom bond (where the hetero atom can 
25 be an oxygen atom, a sulfur atom, a nitrogen atom, a silicon atom, etc.), a hetero atom-hetero atom bond, 
and an arbitrary combination thereof. Examples of suitable linking groups are 



30 



I 

R 12 



35 



40 



(wherein R„ and R, 2 each represents a hydrogen atom, a halogen atom (e.g.. fluorine, chlorine and 
bromine), a cyano group, a hydroxyl group, an alkyl group (e.g.. methyl, ethyl, and propyl), etc.). 

0 

_ jj 

-eCH-CH^, S7X , , -0-r -C-, -N-, -COO-, 



45 
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R 13 



R 13 



-SO--, -CON- , -SO.N-, -NHCOO-, -NHCONH- , and -Si- 



>2~ i / ^2 

l 13 "13 



R-., R n R 13 



(wherein R, 3 represents a hydrogen atom, a hydrocarbon group having from 1 to 8 carbon atoms (e^g 
methyl, ethyl, propyl, butyl, pentyl, hexyl, benzyl, phenethyl, phenyl and tolyl), or -OR,* (wherem R,. has 
the same meaning as the hydrocarbon groups recited for R-a)). 

Resin (B') according to the present invention, in which a specific polar group is bonded to only one 
terminal of at least one main polymer chain thereof, can easily be prepared by an ion ^J^^ 
process in which a various kind of a reagent is reacted to the term.nal of a living polymer obtamed by 



23 



EP 0 362 804 A2 



conventionally known anion polymerization or cation polymerization; a radical polymerization process, in 
which radical polymerization is performed in the presence of a polymerization initiator and or a chain 
transfer agent each of which contains a specific polar group in the molecule thereof; or a process in which a 
polymer having a reactive group at the terminal as obtained by the above-described ion polymerization or 
5 radical polymerization is subjected to high polymer reaction to convert the terminal group to a specific polar 
group. 

For the details of these processes reference can be made to P. Dreyfuss and R.P. Quirk, Encycl. 
Polym. Sci. Eng. , Vol. 7. p. 551 (1987), Yoshiki Nakajo and Yuya Yamashita, Senryo to Yakuhin , Vol. 30. p. 
232 (1985)? Akira Ueda and Susumu Nagai, Kagaku to Kogyo , Vol. 60, p. 57 (1986), and the literature cited 
io therein. 

In more detail, Resin (B) can be prepared by a method in which a mixture comprising a monomer 
corresponding to the repeating unit of formula ■ (b-i), the above-described polyfunctional monomer for 
forming a crosslinked structure, and a chain transfer agent containing a polar group to be bonded to one 
terminal is polymerized in the presence of a polymerization initiator (e.g., azobis compounds and perox- 

;5 ides), a method in which polymerization of these monomers is conducted by using a polymerization initiator 
containing the polar group instead of the chain transfer agent, a method in which polymerization is 
conducted using both of the above-described chain transfer agent and polymerization initiator, a method 
according to any of the above-described three methods, in which polymerization is conducted using a 
compound having an amino group, a halogen atom, an epoxy group, an acid halide group, etc., as a chain 

20 transfer agent or a polymerization initiator, followed by a high polymer reaction between such a functional 
group and the polar group to introduce the polar group, and the like. The chain transfer agent to be used 
includes mercapto compounds containing the polar group or a substituent capable of being converted to the 
polar group (e.g., thioglycolic acid, thiomalic acid, thiosalicylic acid, 2-mercaptopropionic acid, 3-mercap- 
topropiomc acid, 3-mercaptobutyric acid, N-<2-mercaptopropionyl)giycine, 2-mercaptonicotinic acid, 3-[N-(2- 

25 mercaptoethyl)carbamoyl]propionic acid, 3-[N-(2-mercaptoethyl)amino]propionic acid, N-(3-mercap- 
topropionyl)alanine, 2-mercaptoethanesulfonic acid, 3-mercaptopropanesulfonic acid, 4-mercaptobutanesul- 
fonic acid, 2-mercaptoethanol, 3-mercapto-1 ,2-propanediol. 1-mercapto-2-propanol, 3-mercapto-2-butanol, 
mercaptophenyl-2-mercaptoethylamine, 2-mercaptoimidazoie, and 2-mercapto-3-pyridinol) and alkyl iodide 
compounds containing the polar group or the polar group forming substituent (e.g., iodoacetic acid, 

30 lodoproptonic acid. 2-iodoethanol. 2-iodoethanesulfonic acid, and 3-iodopropanesulfonic acid). Preferred of 
them are the mercapto compounds. 

The chain transfer agent or polymerization initiator is usually employed in an amount of from 0.5 to 15 
parts by weight preferably from 1 to 10 parts by weight, per 100 parts by weight of the total monomers. 
In addition to Resins (A) and (B) (including Resin (B')), the resin binder may further comprise other 

35 resins, such as alkyd resins, polybutyral resins, polyolefins, ethylene-vinyl acetate copolymers, styrene 
resins, ethylene-butadiene copolymers, acrylate-butadiene copolymers, and vinyl alkanoate resins. 

The proportion of these conventional resins should not exceed 30% by weight based on the total 
binder. Should it be more than 30%, the effects of the present invention, particularly improvement in 
electrostatic characteristics, are lost. 

40 The ratio of Resin (A) to Resin (B) can vary depending on the kind of, particle size of, and surface 
conditions of the inorganic photoconductive material used. In general, the weight ratio of Resin (A) to Resin 
(B) is 5 to 80:95 to 20, preferably 15 to 60:85 to 40. 

Examples of inorganic photoconductive materials which can be used in the present invention include 
zinc oxide, titanium oxide, zinc sulfide, cadmium sulfide, cadmium carbonate, zinc selenide, cadmium 

45 selenide, tellurium selenide, and lead sulfide. 

The resin binder is used in a total amount of from 10 to 100 parts by weight, preferably from 15 to 50 
parts by weight, per 100 parts by weight of the inorganic photoconductive material. 

If desired, the photoconductive layer may further contain various dyes as spectral sensitizers, such as 
carbomum dyes, diphenylmethane dyes, triphenylmethane dyes, xanthene dyes, phthalein dyes, poly- 

50 methine dyes (e.g., oxonol dyes, merocyanine dyes, cyanine dyes, rhodacyanine dyes, styryl dyes), and 
phthalocyanine dyes inclusive of metal-phthalocyanine dyes, as described, e.g., in Harumi Miyamoto and 
Hidehiko Takei, Imaging , Vol. 1973, No. 8, p. 12, C.J. Young, et al., RCA Review , Vol. 15, p. 469 (1954), 
Kohei Kiyota. et al., Denki Tsushin Gakkai Ronbunshi J 63-C , No. 2, p. 97 (1980), Yuji Harasaki, et a!., 
Kogyo Kagaku Zasshi , Vol. 66, pp. 78 and 188 (1963), and Tadaaki Tani, Nippon Shashin Gakkaishi , Vol. 

55 35~p~208 (1972). ~~~~ 

More specifically, suitable carbonium dyes, triphenylmethane dyes, xanthene dyes and phthalein dyes 
are described in JP-B-51-452. JP-A-50-90334, JP-A-50-1 14227, JP-A-53-39130, JP-A-53-82353, U.S. Pat- 
ents 3,052,540 and 4,054,450 and JP-A-57-16456. Suitable polymethine dyes, e.g., oxonol dyes. 
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merocyanine dyes, cyanine dyes and rhcdacyanine dyes are described ,n 

Dyes and Related Compounds . Specific examples of these polymethine dyes are ed m U.S. Patente 
^^TnT59rTT21^08. 3.125,447, 3.128.179. 3.132.942 and 3.622.317. Bnbsh Patents 1 226.892. 
? 309 274 and 1 405 898. and JP-B-48-7814 and JP-B-55-18892. Suitab.e polymethine dyes which can be 

5 ised and whfch specui sensitize in the near infrared to infrared regions of wave.engths longer than 700 
It irlh J in JP-A-47-840 JP-A-47-441 80. JP-B-51 -41 061 , JP-A-49-5034, JP-A-49-451 22. JP-A-57- 
^£^£^157254. JP-A-61-26044. JP-A-61-27551. U.S. Patents 3.619,54 and 
4 175,956. and Research Disclosure . 216, pp. 117-118 (1982). 
' The photo conductive layer of th e present invention has excellent performance propert.es which do not 

io tend to vary depending on the kind of sensitizing dyes used in comb.nat.on HHifiuec , 1Md in ^ 

The photoconductive layer may additionally contain various conventual additives used ,n elec 
troohotoqSic Photosensitive layers such as chemical sensitizers. Examples of suitable add.t,ves include 
eSraSeSnT^mpounds (e g., halogen, benzoquinone, chloranH. acid anhydrides, organ, < ^boxy ,c 
adds? as described in Imaging, No. 8. p. 12 (1973). and po.yary.alkane compounds. hinder* I phenol 

, s comDOunds and p-phenylil^idiamine compounds as described in Hiroshi Komon. et al.. Sakm no Kododen 
Z^S»i£» Chs. 4*. Nippon Kagaku Joho Shuppanbu (1986). The; amoun of 
fiiTaddl^nrt particularly limited , but usually ranges from 0.0001 to 2.0 parts by we.ght per 100 

on any known support, and *e support usually has a 

geneVatng layer and a charge transport layer, the photoconductive layer functions as the charge generating 
laver and it has a thickness of from 0.01 to 1 am, preferably from 0.05 to 0.5 urn. 

" f desired an insulating layer can be provided on the photoconductive layer for the ^ * 
protection of the photoreceptor and to improve durability and dark decay character** 
insulating layer is coated in a relatively small thickness. For use in a specific electrophotographic 
SSSSgX insulating .ayer is coated in a relatively .arge thickness. In the latter case, the insulating 
layer usually has a thickness of from 5 to 70 urn. preferably from 10 to 50 urn. 

Materials for the charge transport layer in the above-described laminate type photoreceptor include 
^^Ze lazoS 6ves, pyrazoline dyes, and tripheny.methane dyes. The charge transport layer 
usually has a thickness of from 5 to 40 urn. preferably from 10 to 30 am. h „, iM ,. u 
The resin which can be used for formation of the insulating layer or charge transport layer typ.cally 
includes hermoP a tic resins and curable resins, such as polystyrene resins, polyester resins, cellulose 
^STJSSS mtm. viny. ch,oride resins, vinyl acetate resins, vinyl 

resins polyacrylic resins, polyolefin resins, urethane resins, epoxy res.ns. melamme resms. and s.i.cone 



25 



30 



35 



resins. 



' The photoconductive layer is formed on a conventional support. In general, the support for an 
e .ect?ophoC5,ic photosensitive layer is preferably electricaily conductive. Any conventionally employed 
tSSmSZ^rim ^ utilized in this invention, Examples of usable conducts e ^rte mdude a 
<o base material (e.g.. a metal sheet, paper, a plastic sheet) rendered electrically conducive by. for example 
^pre^on with ; low resistance material; a base materia, with its back side (i.e. the s.de , oppo rte £ *a 
hTno the photosensitive layer thereon) being rendered conductive and further hav.ng coated thereon at 
SnVlaye^prevenJg curling, etc, the above-described supports having further thereon a water- 
reXtam adhesive layer; the above-described supports having further thereon at least one precoat layer. 
* and a oaoer laminated with a synthetic resin film on which aluminum, etc., is deposited. 
45 ^UZ examples of suitable electrically conductive supports and materials for .mpartng etectnd 
conductivity are described in Yukio Sakamoto. Denshishash.n . Vol. 14. No. 1. pp. 2-11 (1975). H.royuk. 
Moriga Zmon Tokushushi no Kagaku Kobunshi Kankokai (1975). and M.F. Hoover. J. Macrorn^ So. 

so ^^IK^SISL in greater detail by way of the following Synthesis ***** 
ExampL but it should be understood that the present invention is not deemed to be l.m.ted thereto. In 
these examples, all the ratios are by weight unless otherwise specified. 



S5 SYNTHESIS EXAMPLE A-1 
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Synthesis of Resin (A)-1 

A mixed solution of 95 g of ethyl methacryiate and 200 g of toluene was heated to 90 ° C under a 
nitrogen stream, and 5 g of 4,4-azobis(4-cyanovaieric acid) (hereinafter "ABCV") was added thereto, 
s followed by allowing the mixture to react for 10 hours. The resulting copolymer was designated as Resin 
(A)-l. Resin (A)-1 had a weight average molecular weight (hereinafter referred to as "Mw") of 8,300. 



SYNTHESIS EXAMPLE A-2 

w 



Synthesis of Resin (A)-2 

75 A mixed solution of 95 g of ethyl methacryiate, 5 g of thioglycolic acid, and 200 g of toluene was 
heated to 7S° C in a nitrogen stream, and 1.0 g of azobisisobutyronitrile was added thereto, followed by 
reacting for 8 hours. The resulting Resin (A)-2 had an Mw of 7,800. 

20 SYNTHESIS EXAMPLES A-3 TO A-1 1 



Synthesis of Resins (A)-3 to (A)-1 1 

Resins (A)-3 to (A)-8 shown in Table 1 below were synthesized in the same manner as in Synthesis 
Example A-2, except for replacing thioglycolic acid with each of the chain transfer agents shown in Table 1 
below. 
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TABLE 1 



Synthesis 
Example A 



5 



10 



15 



20 



25 



30 



40 



50 



55 



3 (A) - 3 HS(CH 2 ) 2 -COOH 



9 (A)- 9 HS^^ OH 7,500 



Mw of 



No . Resin (A) Chain Transfer Agent Resin (A) 



8,300 



4 (a)- 4 HS-CH-COOH 7,600 

CH 2 -COOH 

5 (A)- 5 HS ^J^> 7 ' 7 °° 

COOH 

6 (A) - 6 aSCH 2 CH 2 S0 3 H 7,600 

O 
!| 

7 (A) - 7 KS(CH 2 ) 3 0-?-OH 7,800 

OE 



O 

8 (A) - 8 HS(CH 2 ) 2 0-P-OH 8,000 

0 C 2 H 5 



4S 10 (A) -10 HS// '\CH 2 CH 2 C00H 8,500 
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Synthesis 
Example A 
No. 



TABLE 1 (cont'd) 



Resin (A) Chain Transfer Agent 



ttw of 
Resin (A) 



\\ 
C 
/ 



10 



11 



(A)-ll 



HSCH 2 CH 2 OCO 



0 



8,600 



75 



SYNTHESIS EXAMPLES A-12 TO A-22 



20 



Synthesis of Resins (A)-12 to (A)-22 

Resins (A)-12 to (A)-22 shown in Table 2 below were synthesized in the same manner as in Synthesis 
25 Example A-1. except for replacing 95 g of ethyl methacrylate with each of the monomers or monomer 
mixtures shown in Table 2 below. The resulting Resins (A)-12 to (A)-22 had an Mw between 8.000 and 
9,000. 



TABLE 2 

30 



Synthesis 






Example 
A 






No. 


Resin 


Monomer (amount) 




(A) 




12 


(AM 2 


Propyl methacrylate (95 g) 


13 


(A)-13 


Butyl methacrylate (95 g) 


14 


(AH 4 


Benzyl methacrylate (95 g) 


15 


(AH 5 


Phenethyl methacrylate (95 g) 


16 


(AH 6 


Phenyl methacrylate (95 g) 


17 


(A)- 17 


Methyl methacrylate (80 g) 






Methyl acrylate (15 g) 


18 


(A)-18 


Butyl methacrylate (90 g) 






Diacetone acrylamide (5 g) 


19 


(A)- 19 


Ethyl .nethacrylate (55 g) 






Methyl methacrylate (40 g) 


20 


(A)-20 


Ethyl methacrylate (85 g) 






2-Methoxyethyl methacrylate (10 g) 


21 


<A)-21 


Ethyl methacrylate (85 g) 






Styrene (10 g) 


22 


(A)-22 


Benzyl methacrylate (90 g) 






2-Hydroxyethyl methacrylate (5 g) 
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SYNTHESIS EXAMPLE A-23 



5 Synthesis of Resin (A)-23 

A mixed solution of 95 g of benzyl methacrylate and 200 g of toluene was heated to 95° C in a nitrogen 
stream, and 5 g of 2,2-azobis(4-cyanoheptanol) was added thereto to effect reaction and the reaction was 
conducted for 8 hours. The temperature was reduced to 85* C, and 1.2 g of succinic anhydride and 1 g of 
pyridine were added thereto, followed by reaction for an additional 10 hours. The resulting Resin (A)-23 had 
an Mw of 8,500. 



ro 



SYNTHESIS EXAMPLE A-24 



IS 



Synthesis of Resin (A)-24 

20 A mixed solution of 95 g of 2-chloro-6-methylphenyl methacrylate, 150 g of toluene, and 50 g of 
isopropanol was heated to 80° C in a nitrogen stream, and 5 g of ABCV was added thereto, followed by 
allowing the mixture to react for 10 hours. The resulting Resin <A)-24 had an Mw of 6.500 and a Tg of 
40° C. 



25 



Structure of Resin (A)-24: 



30 



CH 3 CH 3 



HOOC-CH 2 CH 2 -C-eCH 2 -C}- C \ 
CN 



35 




40 SYNTHESIS EXAMPLES A-25 TO A-46 



Synthesis of Resins (A)-25 to (A)-46 



Resins (A)-25 to (A)-46 shown in Table 3 below were synthesized in the same manner as in Synthesis 
Example A-24. The resulting Resins (A)-25 to (A)-46 had an Mw between 6,000 and 8,000. 
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20 



35 



TABLE 3 



CH, CH., 

I I 
H00C-CH-CH :) -C-(CH--Ct- 

I I 

CN C0O-R 



10 



Synthesis 
Example A 
No. 



Resin (A) 



Ester Substituent R 



75 



25 



(A)-25 




25 



26 



(A)-26 




'/ \N 



/ 
Br 



30 



27 



(A)-27 




7 \> 



/ 

CH- 



40 



28 



(A)-28 



C 3 H 7 



45 



50 



55 
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TABLE 3 (cont'd) 



w 



Synthesis 
Example A 
No. 



29 



Resin (A) 



(AJ-29 



Ester Substituent R 
CI 




CI 



T5 



20 



30 



(A)-30 



Br 




7 V 



ci 



25 



31 



(A)-31 



Br 

\ 




7 \\ 



/ 

Br 



35 



32 



(A)-32 





40 



33 



(AJ-33 
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TABLE 3 (cont'd) 
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Synthesis 
Example A 
No. 



34 



Resin (A) Ester Substituent R 



(A)-34 




15 



20 



35 



(A)-35 




25 



30 



36 



(A)-36 



ci 



35 



37 



(A)-37 



CI 

-CHjCHjOCO-^ ^ 



40 



CI 



45 



38 



(A)-38 



-CH 2 CH 2 




50 



55 
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TABLE 3 (cont'd) 



Synthesis 
Example A 



No . Resin (A) 

39 (A)-39 

40 (AJ-40 

41 (a)-41 

42 (A)-42 

43 (A)-43 



Ester Substituent R 




COCgHg 



33 



a 
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w 



Synthesis 
Example A 
No. 



44 



TABLE 3 (cont'd) 



Resin (A) 
(A)-44 



Ester Substituent R 




COOCH- 



15 



20 



45 



(A) -45 




C00CH. 



25 



30 



35 



46 



(A)-46 



CH, 

C00CH- 



SYNTHESIS EXAMPLE A-47 



40 



Synthesis of Resin (A)-47 

A mixed solution of 97 g of 2,6-dichIorophenyl methacrylate, 3 g of thioglycolic acid, 150 g of toluene, 
and 50 g of isopropanoi was heated to 65* C in a nitrogen stream, and 0.8 g of azobisisobutyronitrile was 
added thereto to effect reaction for 8 hours. The resulting Resin (A)-47 had an Mw of 7,800 and a Tg of 
36 - C. 



45 



Structure of Resin (A)-47: 



CH. 



50 



HOOC-CH (5 -SfCH--C-)— 



55 



CI 




7 \\ 



ci 
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SYNTHESIS EXAMPLES A-48 TO A-53 



5 Synthesis of Resins (A)-48 to (A)-53 

Resins (A)-48 to (A)-53 shown in Table 4 below were synthesized in the same manner as in Synthesis 
Example A-47, except for replacing thioglycolic acid with each of the chain transfer agents shown in Table 4 
below. 



10 



TABLE 4 



15 



20 



CH- 

i 

Y-S-fCH--C-)- 

2 I 
CO 



CI 

\ 



7 V 




ci 



25 



Synthesis 
Example A 
No. 

48 



Resin (A) Y 

(A) -43 HOOCfCH 



2 J Z 



Chain Transfer 
Agent 

HS*CH 2 ) 2 -C00H 



Mw of 
Resin (A) 

8.100 



30 



49 



(A)-49 H0OC-CH- 
I 

HOOC-CH„ 



HS-CH-COOH 



CH 2 -COOH 



8,500 



35 



40 



50 



(A)- 50 



// \ 




CO0H C0OH 



7,800 



45 



51 



52 



so 



<a)-si Ho 3 s-ecH 2 -^- 



0 

I 

(AJ-52 HO-P-O-CCH ) - 
I 

OH 



KS^CH 2 ) 2 -S0 3 H 



0 
I 

HS4CH 2 ) 3 -0-P-OH 



I 

OH 



8,000 



7,500 



0 0 

II I 

55 5 3 (A)-53 H0-?-0-(CH,),- H«CH ) -O-P-OH . 7,600 

0C 2 H 5 0C 2 H. 
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SYNTHESIS EXAMPLE B-1 



5 Synthesis of Resin (B)-1 

A mixed solution of 100 g of ethyl methacrylate, 1.0 g of ethylene glycol dimethacrylate, and 200 g of 
toluene was heated to 75° C in a nitrogen stream, and 1.0 g of azobisisobutyronitrile was added thereto, 
followed by allowing the mixture to react for 10 hours. The resulting Resin (B)-1 had an Mw of 4.2 * 10 s . 

70 

SYNTHESIS EXAMPLES B-2 TO B-1 9 



75 

Synthesis of Resins (B)-2 to (8)-l9 

Resins (B)-2 to (B)-19 shown in Table 5 below were synthesized in the same manner as in Synthesis 
Example B-1, except for using each of the monomers or monomer mixtures and each of the crosslinking 
20 monomers or monomer mixtures shown in Table 5 below. 
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SYNTHESIS EXAMPLE B-20 



Synthesis of Resin (B)-20 



io A mixed solution of 99 g of ethyl methacrylate, 1 g of ethylene glycol dimethacrylate. 150 g of toluene, 
and 50 g of methanol was heated to 70° C in a nitrogen stream, and 1.0 g of 4,4 -azobis(4-cyanopentanoic 
acid) was added thereto to effect reaction for 8 hours. The resulting Resin (B)-20 had an Mw of 1.0 x 10 . 



75 



20 



SYNTHESIS EXAMPLES B-21 TO B-24 



Synthesis of Resins (B)-21 to (B)-24 

Resins (B)-21 to (B)-24 shown in Table 6 below were synthesized in the same manner as in Synthesis 
Example B-20. except for replacing 4.4'-azobis(4-cyanopentanoic acid) with each of the polymerization 
initiators shown in Table 6 below. The resulting Resins (B)-21 to (B)-24 had an Mw between 1.0 * 10 s and 
3 x 10 5 . 
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SYNTHESIS EXAMPLE B-25 
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Synthesis of Resin (B)-25 

A mixed solution of 99 g of ethyl methacrylate, 1.0 g of thiogiycolic acid, 2.0 g,of divinylbenzene, and 
200 g of toluene was heated to 80 'C in a nitrogen stream, and 0.8 g of 2.2 -aaobis(^clohex^i. 
carbonitrile) {hereinafter "ACHN") was added thereto to effect reaction for 4 hours. Then, 0 4 g of ACHN 
was added thereto, followed by reaction for 2 hours. Thereafter, 0.2 g of ACHN was further added, followed 
by reaction for 2 hours. The resulting Resin (B)-25 had an Mw of 1.2 x 10 s . 



w 



SYNTHESIS EXAMPLES B-26 TO B-38 



15 



20 



Synthesis of Resins (B)-26 to (B)-38 

Renins (B)-26 to (B)-38 shown in Table 7 below were synthesized in the same manner as in Synthesis 
Example B-25. except for replacing 2.0 g of divinylbenzene. as a crosslinking polyfunctional monomer, with 
each of the crosslinking monomers or oligomers as shown in Table 7 below. 

TABLE 7 



25 



30 



35 



40 



Synthesis 

Example 

B 






No. 


Resin 
(B) 


Crosslinking Monomer or Oligomer (amount) 


Mw of Resin 
(B) 


26 
27 
28 
29 
30 
31 
32 
33 
34 

i 35 
36 
37 
38 


(B)-26 
(B)-27 
(B)-28 
(B)-29 
(B)-30 
(B)-31 
(B)-32 
(B)-33 
(B)-34 
(B)-35 
(B)-36 
(B)-37 
(B)-38 


Ethylene glycol dimethacrylate (2.5 g) 

Diethylene glycol dimethacrylate (3 g) 

Vinyl methacrylate (6 g) 

Isopropenyl methacrylate (6 g) 

Divinyl adipate (10 g) 

Diallyl glutanonate (10 g) 

ISP-22GA (product of Okamura Seiyu K.K.) (5 g) 

Triethylene glycol diacrylate (2 g) 

Trivinylbenzene (0.8 g) 

Polyethylene glycol #400 diacrylate (3 g) 

Polyethylene glycol dimethacrylate (3 g) 

Trimethylolpropane triacrylate (0.5 g) 

Polyethylene glycol #600 diacrylate (3 g) 


2.2 x 10 s 
2.0 x 10 s 
1.8 x 10 s 
2.0 x 10 s 
1.0 x 10 s 
9.5 x 10 s 
1.5 x 10 s 
2.8 x 10 s 
3.0 x 10 s 
2.5 x 10 s 
2.5 x 10 s 
1.8 x 10 s 
2.8 * 10 s 
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SYNTHESIS EXAMPLES B-39 TO B-49 
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55 



Synthesis of Resins (B)-39 to (B)-49 

A mixed solution of 39 g of methyl methacrylate. 60 g of ethyl methacrylate. 1.0 g of each of the 
mercapto compounds shown in Table 8 below. 2 g of ethylene glycol dimethacrylate, 150 g of toluene, and 
50 g of methanol was heated to 70* C in a nitrogen stream, and 0.8 g of 2.2 / azobis(isobutyron.tn e was 
added to the mixture, followed by reaction for 4 hours. Then. 0.4 g of 2.2 -azobisOsobu^ron.tnle) was 
further added thereto, followed by reaction for 4 hours. The resulting Resins (B)-39 to (B) 49 had an Mw 
between 9.5 x 10* and 2 x 10 s . 
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TA3LE 8 



Resin (B) 
(B)-39 



Mercaoto ComDOund 



CH-COOH 
I 

HSCHCOOH 



(B)-40 HS 




COOH 



20 



41 



(B)-41 



HSCH 2 CH 2 NH 2 



25 



42 



(B)-42 



HSCH-CH-O-P-OH 

I 

OH 



30 



35 



43 



(B)-43 



HSCH-CH-O-P-OH 
2 ! 

OC 2 H 5 



40 



44 



(3)-44 



HSCH-CH-OCCM' V — C 

2 2 \=< \ 



45 



45 



(S)-45 



HSCH 2 CH 2 COOH 
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Synthesis 
Example B 
No. 
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TABLE 8 (cont'd) 
Resin ( B ) Mercaoto Compound 



(BJ-46 



HSCH 2 CH 2 S0 3 H • N^^) 



70 



47 



(BJ-47 



HSCH 2 CH 2 NHCO ( CH 2 ) 3 COOH 



rs 



48 



(B)-48 



HSCH-CH-N 

1 * ^CH. 



20 



49 



(B)-49 HSCH 2 CK 2 OH 



25 



EXAMPLE 1 



30 



35 



A mixture of 6 g (on a solids basis) of Resin (AM as synthesized in Synthesis Example A-1, 34 g (on a 
solids basis) of Resin (BM as synthesized in Synthesis Example B-1, 200 g of zinc oxide 0 02 g of a 
heptamethinecyanine dye (A) shown below, 0.05 g of phthalic anhydride, and 300 g of toluene was 
dispersed in a ball mill for 2 hours to prepare a photosensitive coating composition. The composition was 
coated on a oaper. rendered electrically conductive, to a dry coverage of 18 g/m* with a wire bar. followed 
by drying at' 110° C for 1 minute. The photosensitive layer was then allowed to stand in a dark place at 
20° C and 65% RH (relative humidity) for 24 hours to produce an electrophotographic photoreceptor. 



40 



Dye (A): 



45 



50 




H 3 C CH 3 



CH. 



CH=CH-CH=C-CH=CH-CH= 




(CH 2 ) 4 S0 3 



(CH 2 ) 4 S0 3 K 



EXAMPLE 2 



55 



An electrophotographic photoreceptor was prepared in the same manner as in Example 1. except for 
replacing 34 g of Resin (B)-i with 34 g (on a solids basis) of Resin (B)-25. 
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COMPARATIVE EXAMPLE 1 



An electrophotographic photoreceptor was produced in the same manner as in Example 1 , except for 
5 replacing 6 g of Resin (A)-1 and 34 g of Resin (B)-1 with 40 g of Resin (A)-1 alone. The resulting 
photoreceptor was designated Sample A. 

COMPARATIVE EXAMPLE 2 

10 

An electrophotographic photoreceptor (Sample B) was produced in the same manner as in Comparative 
Example 1, except for using 40 g (on a solids basis) of an ethyl methacry late/ acrylic acid copolymer (95/5 
by weight; Mw = 7,500) (hereinafter referred to as Resin (R)-1) in place of 40 g of Resin (AH. 

75 

COMPARATIVE EXAMPLE 3 



20 An electrophotographic photoreceptor (Sample C) was produced in the same manner as in Comparative 
Example 1 , except for using 40 g of an ethyl methacrylate/acrylic acid copolymer (98.5/1 .5 by weight; Mw 
= 4,500 (hereinafter referred to as Resin (R)-2) in place of 40 g of Resin (A)-1 . 

25 COMPARATIVE EXAMPLE 4 



An electrophotographic photoreceptor (Sample D) was produced in the same manner as in Example 1 , 
except for replacing 6 g of Resin (A)-1 with 6 g of Resin (R)-1. 

30 

COMPARATIVE EXAMPLE 5 



35 An electrophotographic photoreceptor (Sample E) was produced in the same manner as in Example 2 t 
except for replacing 6 g of Resin (A)-1 with 6 g of Resin (R)-1. 

Each of the photoreceptors obtained in Examples 1 and 2 and Comparative Examples 1 to 5 was 
evaluated as to film properties in terms of surface smoothness and mechanical strength; electrostatic 
characteristics; image forming performance; oil desensitivity of the photoconductive layer in terms of 
40 contact angle with water after oil desensitization; and printing suitability in terms of stain resistance and 
printing durability in accordance with the following testing methods. 
The results obtained are shown in Table 9 below. 



45 1) Smoothness of Photoconductive Layer: 

The smoothness (sec/cc) was measured using a Beck's smoothness tester manufactured by Kumagaya 
Riko K.K. under an air volume condition of 1 cc. 

50 

2) Mechanical Strength of Photoconductive Layer: 

The surface of the photoreceptor was repeatedly rubbed with emery paper (#1000) under a load of 50 
g/cm 2 using a Heidon 14 Model surface testing machine (manufactured by Shinto Kagaku K.K.). After 
55 dusting, the abrasion loss of the photoconductive layer was measured to obtain film retention (%). 

3) Electrostatic Characteristics: 

44 
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10 



The sample was charged with a corona discharge to a voltage of -6 kV for 20 seconds in a dark room at 
20° C and 65% RH using a paper analyzer ("Paper Analyzer SP-428" manufactured by Kawaguch. Denk. 
KK) After the lapse of 10 seconds from the end of the corona discharge, the surface potential V,o was 
measured. The sample was allowed to stand in the dark for an additional 90 seconds and the potential V,oo 
was measured. The dark decay retention (DRR; %). i.e.. percent retention of potential after dark decay for 
90 seconds, was calculated from the equation: 

DRR (%) = (Vioo/Vio) x 100 .. . . 

Separately, the sample was charged to -400 V with a corona discharge and then exposed to light 
emitted by a gallium-aluminum-arsenic semiconductor laser (oscillation wavelength: 830 nm). and the time 
required for the decay of the surface potential V,o to one-tenth of the original value was measured to obtain 

" TeTe^men^viere conducted under conditions of 20'C and 65% RH (relative humidity) 
(hereinafter referred to as "Condition I") or 30* C and 80% RH (hereinafter referred to as Cond.tion II ). 



J5 



20 



25 



30 



4) Image Forming Performance: 

After the samples were allowed to stand for one day under Condition I or Condition II. each sample was 
charqed to -6 kV and exposed to light emitted by a galllum-aluminum-arsenic sem.conductor laser 
(oscillation wavelength: 830 nm; output: 2.8 mW) at an exposure amount of 64 erg,cm* (on the surface at 
the photoconductive layer) at a pitch of 25 urn and a scanning speed of 300 m/sec. The e tecmbc latent 
image was developed with a liquid developer ("ELP-T" produced by Fuji Photo Rim Co.. Ltd.). followed by 
fixing. The fog and image quality of the reproduced image were visually evaluated. 

5) Contact Angle with Water: 

The sample was passed once through an etching processor using an oil-desensitizing solution ("ELP-E" 
produced by Fuji Photo Film Co.. Ltd.) to render the surface of the photoconductive layer oil-desensibve. A 
drop of 2 ul of distilled water was placed on the thus oil-desensitized surface, and the contact angle formed 
between the surface and the water was measured using a goniometer. 



35 



to 



6) Printing Durability: 

The sample was processed in the same manner as described in 4) above, and the surface of the 
photoconductive layer was subjected to oil desensitization under the same conditions as .n 5) above. The 
resulting lithographic printing plate was mounted on an offset printing machine (Oliver Model 52^ 
manufactured by Sakurai Seisakusho K.K.), and printing was carried out on fine paper. The number of prints 
obtained until background stains in the nonimage areas appeared or the quality of the image areas was 
deteriorated was taken as the printing durability. The larger the number of the prints, the higher the printing 
durability. 
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As can be seen from the results in Table 9, each of the photoreceptors according to the present 
invention exhibited satisfactory surface smoothness, film strength, and electrostatic characteristics. When it 
was used as an offset master plate precursor, the reproduced image was clear and free from background 
5 stains in the nonimage area. These results are attributed to sufficient adsorption of the binder resin onto the 
photoconductive substance and sufficient covering of the surface of the photoconductive particles with the 
binder resin. For the same reason, oil desensitization of the offset master plate precursor with an oil- 
desensitizing solution was sufficient to render the nonimage area sufficiently hydrophilic, as is demonstrated 
by the small contact angle of 20 ' or less with water. No background stains were observed in the prints on 
70 practical printing using the resulting master plate. 

Sample A, in which only Resin (A) of the present invention was used as a binder, showed quite 
satisfactory electrostatic characteristics, but the printed image quality of an offset master plate produced 
therefrom was deteriorated from the 3,000th print. 

Sample B had a decrease in DRR and an increase in E^q. 
75 Further, Sample C using a binder resin having the same chemical structure as that used in Sample B 
but having an increased weight average molecular weight resulted, in serious deterioration of the electro- 
static characteristics. This is probably because an increased molecular weight caused not only adsorption 
onto the photoconductive particles but agglomeration of the particles. 

Overall, an electrophotographic photoreceptor satisfying both the requirements of electrostatic char- 
20 acteristics and printing suitability cannot be obtained without use of the binder resin according to the 
present invention. 

EXAMPLES 3 TO 26 

25 

An electrophotographic photoreceptor was produced in the same manner as in Example 1 , except for 
replacing Resin (A)-1 and Resin (B)-1 with each of Resins (A) and each of Resins (B) shown in Table 10 
below, respectively. 

30 The electrostatic characteristics as determined under Condition II and printing durability of the resulting 
photoreceptors were evaluated in the same manner as in Example 1, and the results obtained are also 
shown in Table 10 below. 
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• TABLE 10 





Example 


slesin (A) 


Resin (B) 


v io 


(X) 


XT 

"1/10 


Printing 
Durability 




Mo'. 




2 




5 








C-V) 


(erg/cm ) 






3 


(A)- 4 


<B)- 2 


360 


O 3 


is 

JO 


3 ,000 


10 


4 


(A)- 5 


(B)- 2 


e e e 

555 


Q ^ 
OJ 


17 
j / 


8 , 000 




5 


(A) - 4 


(3)- 4 - 


560 


82 


39 






6 


(A)- 6 


(3)- 4 


550 


82 


40 


o , uuu 


75 


7 


(A)- 7 


(BJ- 3 


J** w 


80 


42 


8,500 




3 


(A)- a 


(B)- 6 


555 


82 


Art 


a ooo 


20 


9 


(A)- 9 


(B)- 7 


540 


85 


38 






10 


(A) -10 


(B)- 7 


550 


32 








11 


(A)- 11 


«B)- 3 


555 


31 




3 , 000 


25 


12 


(A)- 12 


(B)-10 


540 


83 




8,000 




13 


(A)-13 


(B)-ll 


565 


86 


37 


o , juy 


30 


14 


(A) -15 


(B)-H 


550 


83 


40 


Q 1 w w V 




15 


(A) -16 


(B)-16 


555 


a3 


/. 

ag 


a ooo 




15 


(A)-17 


(S)-IO 


530 


80 


38 


3,000 


35 


17 


(A)-18 


(B)-20 


550 


81 


43 


3,300 




13 


(A)-19 


(B)-21 


555 


82 


40 


10,000 
or mors 


40 


19 


(A)-2G 


(3) -22 


540 


q n 
SO 


** VJ 






20 


(A) -21 


(B)-23 


540 


81 






45 


21 


(A)-22 


(B)-32 


530 


SO 


41 






22 


(A)-14 


(3)-35 


565 


87 


35 






23 


(A)-14 


(B)-39 


565 


85 


35 





50 



55 
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TABL£ 10 (cont'd) 

Example v £ Printing 

No. Resin (A) Resin (B) 10 DRR 1/10 Durability 

(Z) , Ara/ *x 
(erg /cm ) 

24 (A)-14 (B)-40 560 84 36 10,000 

or more 

25 (A) - 2 (B)-41 555 82 41 

26 (A)- 2 (BJ-44 565 83 42 



It can be seen from the results in Table 10 that each of the photoreceptors according to the present 
invention exhibits excellent electrostatic characteristics even when processed under sever environmental 
conditions- An offset master plate produced from each of these photoreceptors exhibited satisfactory 
printability. 

20 

EXAMPLES 27 TO 45 

25 A mixture of 6.5 g each of Resins (A) shown in Table 11 below. 33.5 g each of Resins (B) shown in 
Table 1 1 below, 200 g of zinc oxide, 0.05 g of Rose Bengale, 0.03 g of Tetrabromophenol Blue, 0.02 g of 
uranine, 0.01 g of phthalic anhydride, and 240 g of toluene was dispersed in a ball mill for 2 hours. The 
resulting photoconductive composition was coated on a paper, rendered electrically conductive, with a wire 
bar to a dry thickness of 18 g/m 2 and heated at 110° C for 30 seconds. Then, the resulting coated material 

30 was allowed to stand at 20° C and 65% RH for 24 hours to obtain an electrophotographic photoreceptor. 

The electrostatic characteristics as determined under Condition II and the printing durability of the 
resulting photoreceptors were evaluated in the same manner as in Example 1, except that photosensitivity 
(E M0 : lux # sec) was determined by exposing the photoconductive layer (charged to 400 V) to visible light of 
2.0 lux and determining the time required for the surface potential (V10) to decrease to one-tenth the initial 

35 value and an offset master plate was produced using an automatic plate making machine ( rt ELP 404V", 
manufactured by Fuji Photo Rim Co., Ltd.) and a toner ("ELPT" produced by Fuji Photo Rim Co., Ltd.) to 
form a toner image. The results obtained are shown in Table 1 1 below. 
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TABLE 11 





Example 
No. 


Resin (A) 


Resin (B) 


V 

10 




1/10 


Printing 
Durability 


5 






(-V) 


(2) 


(iux«sec) 






27 


(A)- 1 


(B)- 2 


550 


88 


6,3 


8,000 


10 


28 
29 


(A)- 2 
(A) - 3 


(B)- 4 
( B ) - 5 


555 
550 


89 
89 


6-0 
6.0 


T 




30 


(A) - 4 


(B) - 6 


550 


88 


6.4 




15 


31 


(A)- 5 


(B) - 7 


555 


89 


6,0 


8,500 




32 


(A)- 6 


(B) - 7 


545 


86 


6.0 


» 


20 


33 
34 


(A)- 7 
(A)- 8 


(3)-ll 
(B)-13 


550 
540 


86 
85 


6.3 
6.4 


a ,ooo 




35 


(A)- 9 


(B)-15 


550 


87 


6.0 




25 


36 


(A)-10 


(B)-18 


555 


88 


6.2 






37 


(A)-ll 


(B)-19 


560 


86 


6.0 


10,000 
or more 


30 


38 


(A)-12 


(B)-24 


545 


87 


6.1 






39 


(A)- 13 


(3)-49 


555 


84 


6.2 


a 


35 


40 
41 


(A) -14 
(A)-16 


(B)- 2 
(3). 4 


565 
565 


90 
89 


5.7 
5.3 


8,000 




42 


(A)-17 


(3). 21 


530 


83 


6.5 


>t 


40 


43 


(A)-18 


(B)-22 


550 


82 


6.9 


10,000 
or more 




44 


(A)-20 


(B)-23 


530 


82 


7.3 


* 


45 


45 


(A)-23 


(3)-49 


550 


37 


6.2 





As can be seen from the results in Table 11. each of the resulting photoreceptors accord.ng to the 
present invention had excellent charging properties, dark charge retention, and photosensitivity, and 
so provided a clear reproduced image free from background fog even when processed under severe 
conditions of high temperature and high humidity (30* C. 80% RH). 

When an offset printing master plate produced from each of these photoreceptors was used for printing, 
prints of clear image in the number indicated in Table 1 1 above could be obtained. 
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Claims 



1. An electrophotographic photoreceptor comprising a support having thereon at least one pbotocond,uc- 
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tive layer containing at least an inorganic photoconductive material and a binder resin, wherein the binder 
resin contains 

(A) at least one resin having a weight average molecular weight of from 1 x 10 3 to 3 x 10* with at 
least one substituent selected from -PChHb. -SOaH, -COOH, 

0 

I 

-P-OH, 
I 

R 

wherein R represents a hydrocarbon group having from 1 to 10 carbon atoms or -OR , wherein r' 
represents a hydrocarbon group having from 1 to 10 carbon atoms, and a cyclic acid anhydridecontaining 
is group, being bonded to one or both of the terminals of the polymer main chain thereof, and 

(8) at least one resin having a weight average molecular weight of 5 * 10 4 or more and containing, 
as a polymerization component, at least a repeating unit represented by formula (b-i): 



20 



35 



40 



45 




(b-i) 



25 

wherein T represents -COO-, -OCO-, «CH 2 OCCh -CH 2 COO, -O- or -S0 2 -; V represents a hydrocarbon 
group having from 1 to 22 carbon atoms; and ai and as, which may be the same or different each 
represents a hydrogen atom, a halogen atom, a cyano group, a hydrocarbon group having from 1 to 8 
carbon atoms, -COO-Z, or -CO0-Z bonded via a hydrocarbon group having from 1 to 8 carbon atoms, 
30 wherein Z represents a hydrocarbon group having from 1 to 18 carbon atoms; and wherein said Resin (B) is 
partially crosslinked. 

2. An electrophotographic photoreceptor as claimed in Claim 1 , wherein said Resin (A) contains, as a 
polymerization component not less than 30% by weight of at least one repeating unit represented by 



formula (a-i) or (a-ii): 



— ecH,-c}— 




(a-i) 



wherein X- and Xz each represents a hydrogen atom, a hydrocarbon group having from 1 to 10 carbon 
atoms, a chlorine atom, a bromine atom, -COYt or -C00Y 2 , wherein Yi and Y2 each represents a 
hydrocarbon group having from 1 to 10 carbon atoms, provided that both Xi and X 2 do not simultaneously 
represent a hydrogen atom; and Wi represents a bond or a linking group containing from 1 to 4 linking 
50 atoms which connects the -COO- moiety and the benzene ring 
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CH- 



-frCH--C* 



coo-w 




(a-ii) 



10 



75 



wherein W 2 has the same meaning as Wi above. . 

3. An electrophotographic photoreceptor as claimed in Claim 1, wherein said substituent is bonded to 
only one of the terminals of the polymer main chain of Resin (A). 

4. An electrophotographic photoreceptor as claimed in any one of Claims 1 to 3, wherein said Resin (B) 
has at least one polar group selected from -P0 3 H 2 , -S0 3 H, -COOH, -OH. -SH, 



20 



-P-OH, 
OR" 



25 



30 



wherein R" represents a hydrocarbon group, a cyclic acid anhydride-containing group. -CHO, -CONH 2 , 
-S0 2 NH 2 and 



/ 



wherein b, and b 2 which may be the same or different, each represents a hydrogen atom or a hydrocarbon 
group bonded to only one of the terminals of at least one main chain thereof. 

5 An electrophotographic ohotoreceptor as claimed in any one of Claims 1 to 4, wherein said Resin (B) 
as does not contain, as a polymerization component, a repeating unit containing said substituent as present in 

R©sin (A) 

6 An electrophotographic photoreceptor as claimed in any one of Claims 1 to 5, wherein the amount of 
the acidic group bonded to the polymer main chain in the Resin (A) is 0.5 to 15% by weight and the Resin 
(A) has a glass transition point of from -10* C to 100 C. 

40 7 An electrophotographic photoreceptor as claimed in Claim 2. wherein in the formulae (a-i) and (a-11). 
X, and X 2 each represents a hydrogen atom, a chlorine atom, a bromine atom, an alkyl group having up to 
4 carbon atoms, an araikyl group having from 7 to 9 carbon atoms, an aryl group or -COY, or -COOY 2 . 
wherein Y, and Y 2 each represents any of the hydrocarbon group for X1 and X 2 , with the proviso that X, 
and X 2 do not simultaneously represent a hydrogen atom: W, represents a bond or a linking group 

45 containing 1 to 4 atoms and W 2 has the same meaning as W, . 

8 An electrophotographic photoreceptor as claimed in any one of Claims 1 to 7, wherein the cyclic acid 
anhydride group is an aliphatic dicarboxylic acid anhydride group or an aromatic dicarboxyl.c acid 

anh g dn A^ electrophotographic photoreceptor as claimed in Claim 8, wherein said aliphatic dicarboxylic acid 
so anhydride ring is a succinic anhydride ring, a glutaconic anhydride ring, a maleic anhydride nng, a 
cyclopentane-1,2-dicarboxylic acid anhydride ring, a cyclohexane-1 ,2-dicarboxylic acid anhydride nng a 
cyclohexene-1.2-dicarboxylic acid anhydride ring or a 2.3-bicyclo[2.2.2]octanedicarboxylic acid anhydride 
ring which rings may be unsubstituted or substituted with at least one of a halogen atom and an alkyl group 
and" said aromatic dicarboxylic acid anhydride ring is a phthalic anhydride ring, a naphthaiene-dicarboxyhc 
ss acid anhydride ring, a pyridine-dicarboxylic acid anhydride ring or a thiophene-dicarboxylic acid anhydride 
ring, which may be unsubstituted or substituted with at least one of a halogen atom, an alkyl group, a 
hydroxyl group, a cyano group, a nitro group and an alkoxycarbonyl group. 
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© An electrophotographic photoreceptor comprising a support having thereon at least one photoconductive 
l^yer containing at least an inorganic photoconductive material and a binder resin, wherein the binder resin 
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least one substituent selected from -POaHk, -S0 3 H, -COOH, 

0 

II 

-P-OH, 
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wherein R represents a hydrocarbon group having from 1 to 10 carbon atoms or -OR, wherein R 
< represents a hydrocarbon group having from 1 to 10 carbon atoms, and a cyclic acid anhydride-containing 
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wherein T represents -COO, -OCO-, -CH 2 0C0-. -CH 2 COO-, -O or -S0 2 -; V represents a hydrocarbon 
group having from 1 to 22 carbon atoms; and ai and a2, which may be the same or different, each 
represents a hydrogen atom, a halogen atom, a cyano group, a hydrocarbon group having from 1 to 8 
carbon atoms, -COOZ, or -COOZ bonded via a hydrocarbon group having from 1 to 8 carbon atoms, 
wherein 2 represents a hydrocarbon group having from 1 to 18 carbon atoms; and wherein said Resin (B) is 
partially crosslinked. The photoreceptor exhibits excellent electrostatic characteristics, image forming 
performance as well as printing suitability regardless of a change in envirorunental conditions or the kind of 
sensitizing dye used in combination with the photoreceptor. 
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